The control of fine movement is dependent upon afferent information. This is particularly true of skilled hand movement. It might, therefore, be expected that any sustained skilled movement would be altered by externally imposed changes in afferent activity. Studies on the silent period in the interference pattern of a contracting muscle, brought about by a stimulus to the skin or nerve supply, and of reflex responses in small hand muscles following cutaneous stimuli, have confirmed this.'-3 In the 150 ms after stimulation of nerve or skin during weak muscle contraction, a series of changes occurs In order to reduce needle movement due to contraction of the thenar group of muscles and to prevent spread of the stimulus to the ulnar nerve, most studies were performed using stimuli below motor threshold for the median nerve. In three units the stimulus was then increased. The earliest change was a peak in firing activity at 31 ms after the stimulus (figs Sf and 7). Increasing the stimulus strength did not abolish this response. After depression of activity from 39-57 ms there is a second peak at 61 ms. This second peak diminishes as stimulus intensity is increased (fig 7) . At all stimulus levels below maximal the mean period of depressed activity was from 70-105 ms but with maximum stimulation it began as early as 40 ms after the stimulus. The late peak at 158 ms was of greater amplitude with higher current stimuli.
STIMULATION AT OTHER SITES
Stimulation of contralateral digits 2 or 5 at stimulus intensity up to the maximum tolerated had no effect on the firing pattern. Likewise stimulation of ulnar or median nerve at the opposite wrist with a current giving a maximum motor response did not alter the firing pattern of the nine motor units studied. Stimulation of the anterior tibial nerve at the ankle had no effect on the firing pattern of the three units studied in the first dorsal interosseous muscle of the hand.
AUDITORY STIMULATION
In one experiment, electrical stimuli to the nerve were replaced by 90 decibel clicks delivered to both ears through headphones at 1 Hz. There was no effect on the firing pattern of the motor unit in the first dorsal interosseous muscle.
RELAXATION STUDIES
In order to test the ability to produce a silent period voluntarily, one subject was instructed to interrupt the regular firing of the single motor unit on feeling an electrical stimulus in the opposite hand. This proved to be a very difficult task. Motor unit activity continued well beyond 100 ms, sometimes persisting for more than 150 ms after the stimulus. Following some stimuli motor unit activity continued unchanged in spite of the instruction.
STIMULATION PATTERN
At most sites the response to regular 1 Hz stimulation was compared with the response to pseudo-random stimuli with a mean frequency of 1 2 Hz. There was no major difference in the number or latency of peaks and troughs in the resulting histograms.
Discussion
These experiments are dependent upon the ability of the subject to fire an individual motor unit within a muscle at a relatively constant frequency. Changes in the first 30 ms after the stimulus are of limited interest. Only those stimuli to the ulnar nerve which were above motor threshold evoked an early direct motor response (M). Stimulation of sufficient strength to excite motor fibres gave rise to a second response between 25-30 ms which was not present with stimuli below motor threshold. This was of lower amplitude in the histogram than the M response and is probably the F response.8 This latency represents the shortest time for conduction to the spinal cord and back to the muscle. Changes -n firing between M and 25-30 ms must be based on peripheral refractoriness and collision of impulses.
Stimulation of the median nerve at the wrist also produced a change in firing at about 25-30 ms. This was sometimes present with low current and always present with high current stimulation. It was not seen when 2nd or 3rd digits were stimulated, even at high current. The latency indicates that it is a spinal reflex. The finding that it is only obvious following stimulation at the wrist, suggests either that muscle afferent nerves are involved or that more cutaneous afferent fibres can be excited by stimulation at the wrist than is possible by stimulating any single digit.
The fact that the reflex appears before the motor threshold has been reached favours the conclusion Williams, Hayward that muscle afferent fibres are responsible. The implication of this observation is that afferent impulses from median innervated muscles can increase firing in an ulnar innervated muscle through a spinal reflex.
Those stimuli which produced an increase in firing probability at 30 ms also produced a later fall in firing probability. It appears that the period of inhibition is partly dependent upon the preceding excitation. With median nerve stimulation at the wrist the period of inhibition increases with the increase in firing at 30 ms. This suggests that the inhibition is brought about at spinal level. Such spinal inhibition might be based on Renshaw cell activity.2 3 9 A further period of increased probability of firing occurs between 50-70 ms when ulnar or median nerves are stimulated at the wrist and less frequently after stimulation of the 2nd and 3rd digits at high current. It does not occur with stimulation of digit 5. This is the response discussed by Garnett and Stephens6 and is likely to be a "long loop" reflex. Cutaneous receptors in the 2nd digit, as well as spindle afferents, must have great functional importance in the control of the first dorsal interroseous muscle which abducts that digit. There is good evidence that cutaneous and muscle afferent pathways project to the cortical motorneurones10 11 and recordings from human motor cortex have suggested that an intact postcentral cortex is necessary for reflexes of this latency to occur. 12 In our study, increasing median nerve stimulus current at the wrist and the accompanying increase in probability of firing at 30 ms led to a reduction in the response at 50-70 ms (fig 7) . This suggests that the response at 50-70 ms is a suprasegmental reflex and that the resultant increase in descending activity in these pathways reaches the anterior horn cell during a period of spinal inhibition. The period of increased probability of firing between 50-70 ms was by far the most variable of the series of alterations in firing probability that we observed. The variability of this increase is also in keeping with the belief that it represents a suprasegmental "long loop" reflex.
Stimulation The effect of afferent stimuli otn steadily discharginig single motor units in matn wrist only large, rapidly conducting fibres would have been excited. However, the increase in the effect when the stimulus to a digit was increased above that needed to give a maximal ascending sensory action potential, suggests that smaller fibres with a higher threshold can produce a similar effect. It is just possible that the high current used when stimulating the digit excited larger nerve fibres in nearby muscle or tendon, but this seems unlikely. Two or more entirely separate mechanisms must be responsible for the same inhibitory effect. When only the large diameter fibres of the ulnar nerve are stimulated at the wrist, the inhibition of motor unit firing after such a latency would appear to be determined at a suprasegmental level. An alternative explanation proposed by Caccia et a13 is that this period of decreased firing probability represents a reduction in spindle assistance. This assumes that following afferent stimulation there is an inhibition of gammamotorneurone discharge. This would in turn lead to a diminution of firing of IA afferents, thus removing some of the excitatory drive to the anterior horn cell. Whilst this hypothesis is conceivable for muscle afferent stimulation, the observation that a similar response can be obtained following cutaneous afferent stimulation makes it unlikely to be the only explanation.
In this study, the prolonged period of reduced firing from 70-130 ms was independent of any earlier change in firing. It did occur as the sole change. It is, therefore, not a secondary response dependent upon earlier firing of the unit and the subsequent periodicity inherent in the voluntary contraction. The origin of such powerful inhibition remains unknown.
Following the period of inhibition there is a variable increase in the firing probability with a peak at around 180 ms. This is more prominent when high current stimuli are used and it is only present following a period of inhibition between 70-130 ms. It, therefore, probably represents the commencement of the "normal" firing pattern after the prolonged period of inhibition. Although there is not a strict relationship between the degree of inhibition and the degree of increase in firing probability, it is in general true that with higher current stimuli the increase in firing probability around 180 ms is greater.
Events after 180 ms cannot be analysed with any ease. With an interspike interval varying around 100 ms, periodicity begins to affect the pattern. When there is a large increase in firing at around 180 ms smaller peaks can be seen at approximately 100 ms thereafter. 
